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Abstract
Technical progress enables the development of automated driving functions and the companies involved announce automated 
vehicles to be ready for series production by the end of this decade. But besides all technical challenges, it remains crucialto 
investigate the impact of automation on humans in the car, especially the one formerly known as the driver, and to figure out
which level of autonomy fits the drivers’ needs.This paper presents a driving study conducted on a test track in Germany. The
vehicle is equipped to perform the driving taskin a highway-like traffic scenario, referring to a level 3 automation in line with the 
definition of the SAE [1].Within this conditionally automated setting, four interaction concepts, which differ in the distribution of 
parts of the driving task, were evaluated. Within the limitations, findings show the drivers’ preference to transfer as many tasks as 
possible to the automated system, thus raising comfort and satisfaction while the loss of control over the vehicle’s actions plays a 
minor role in the rating for the overall acceptability of the sole concepts.
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1. Introduction
Automated cars, driving on the highway, in certain urban areas, parking lots and on the racetrack: The rising 
amount of announcements and demonstrations of self-driving cars by car manufacturers, suppliers and technology 
companiesdepict the importance of automated driving as one of the big trends in the automotive world. The 
technological progress,for example in sensor performance and higher computational power enables the development 
of automated driving functions. But, as is concluded in [2]: “The challenges of vehicular automation are more than 
technical”. Referring to [3], these non-technical problems cover – amongst others – human factors issues of safety, 
usability and acceptance, requiring an appropriate design of the interplay between the driver and the automated 
vehicle.
Contributing to that, human factors issues in a general automation context have been subject to research for 
decades (e.g. [4-8]). Within the automotive domain, numerous national and international projects and groups are 
working on this topic. Abrief overviewof these activities is given in[9], a more detailed one in interaction and a
cooperative point of view in [10]. However, publications on the acceptance of interaction designs for highly or 
conditionally automated vehicles are rare.
Methodical approaches often applied in research related to human-machine-interaction in the automotive domain 
are either theoretical transfers, based on experiences made in automation situations in other domains, such as flight 
control (as for example in[11]), or user studies in driving simulators, as described in [12] or [13].
Advantages of experiments in a simulator can be seen in a comparatively easy way of assuring functional 
competence of the automated system, the reliability and predictability of traffic scenarios and a safe way in
presenting potentially critical or dangerous situations[14,15].However, according to [14] and[16], ratings in 
acceptance or in perceived safety can be biased, due to the limitations on an adequate stimulation of all relevant 
perceptual cues of the test persons.
To overcome these limitations, the study presented here aims at an evaluation of the acceptance of interaction 
concepts for conditionally automated driving under realistic driving conditions. Therefore, four interaction concepts 
are developed and integrated into a test vehicle, which is able to drive autonomously in a specific highway traffic 
like scenario.In order to cover a wide range of possible task distribution between driver and vehicle, the concepts
differ in the number and level of tasks assigned either to the driver or to the system as described in 2.3..
Addressing the acceptance of the concepts, the following research questions and hypothesis have been analyzed:
x Hypothesis 1 is based on previous studies and considerations on technology acceptance. A simulator study 
described in [17]gives evidence that maneuver based interaction gains higher acceptance ratings than the same 
automation deciding and acting automatically. Research on Conduct-by-Wire and H-Mode, as described in [10], 
also stress advantages of cooperative concepts. Hypothesis 1 is put forward as: The acceptance ratings will 
bebest for the maneuver based concepts (B and C, according to 2.3.).
x In an exploratory question, it should be analyzed if differences in the acceptance rating between the maneuver-
based concepts B and C could be discovered. It is formulated as: Are there differences in the acceptance rating 
between aforementioned concepts B and C?
x Further, a set of “perceived characteristics”, as an indicator for the affective attitude towards a technical system 
should be analyzed with respect to the interaction concepts. According to [18], these can be seen as predictor for 
the acceptance of Advanced Driver Assistance Systems. The second exploratory question is formulated:Does the 
rating of‘trust in the system’, ‘comfort’,‘control’, ‘driving pleasure’ and ‘usability’differ between the concepts?
2. Method
2.1. Participants
The concepts are evaluated in a randomized within-subject design. The aim is to obtain 36 valid data sets for a 
reliable statistical analysis. In total 37 drivers participated in the experiment, whereof one data set is incomplete and 
excluded from further analysis. The sample consists of 31 male and 6 female participants. Mean age is 
32.47 years(SD = 5.41 yrs, min = 25 yrs, max = 46 yrs). An average of 25575 kilometers (SD = 12316km, 
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min = 2000 km, max = 50000 km) are driven per year, thereof about 25% in the city, 25% on rural roads and 50% on 
highways.
Due to restrictions on safety and liability, it was necessary to recruit the participants within a comparatively small 
circle of employees of the AUDI AG, in possession of a specific test-driver’s license. The technical affinity and trust 
in technical systems of these persons can be expected to be much higher than those of average drivers. This is 
determined by via a questionnaire on locus of control when interacting with technology, developed by Beier [19].It 
consists of 8 items with a 5 point scale, thus generating values from 8 to 40. Within the sample, high values have 
been obtained: M = 34.03, SD = 3.02, min = 23, max = 40.  
2.2. Test-vehicle
The prototype interaction concepts are integrated in a self-driving Audi A7 Sportback. The vehicle is equipped to 
drive longitudinally and laterally controlled, relying on an on-board sensor set. The system’s technical capabilities 
provide the possibility of representing“Conditional Automation” in terms of SAE [1].This allows the driver to 
engage in non-drivingtasks, while no longer having the duty of constantly monitoring the system state.
The human machine interface used for the presentation of the interaction concepts features a series production 
instrument panel with a 7”-screen and a head-up-display (HUD), both with the possibility to display proprietary 
content. Furthermore, a 10,1” Windows Surface Pro tablet is installed in front of the standard Audi MMI screen in 
the center console, as can be seen in Fig.1. The tablet is connected with a Car-PC, managing the display content and 
serving as bridge towards the CAN-Bus of the car and the IT-System operating the driving function. 
The instrument panel screen and the HUD are used to communicate the overall system state (e.g. “automated 
system available”, “automated system active” or “take-over-request”), coded via a generic symbol, a short text (no 
more than two words) and a color. The presentation of this information is independent of the reviewed concepts. The 
four concepts differ in the visualization on the tablet in front of the dashboard and the necessary interaction with the 
function, as described in 2.3..
2.3. Interaction concepts
The basic function of the automated system, which is driving automated within a lane on the highway, does not 
vary between the concepts. The difference consists in the amount and the level of tasks assigned either to the driver 
or the system in the case of a slower vehicle appearing in front of the automated one.
Relevant tasks within this given test scenario derive from the generic patterns which could be found in a lane 
change scenario. In [20] a lane change is modeled using the following steps: “Firstly, it checks whether a lane 
change wish exists at all. Secondly, it will check whether a possibly existing lane change wish can be realized. After 
concluded assessment, the lane change is finally executed.”[20, p.12]
Fig.1.Test vehicle on the track and setup of the HMI-Elements usedin the vehicle.
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These steps can be linked to the four-level model of the primary driving task introduced by [21] and concretized 
in [10] as navigation, maneuver guidance, trajectory guidance and stabilization level:
The evaluation of the lane change wish implies the perception of the slower car in front and the assessment of the 
implied options on behalf of the planned trip on the “navigation level”: If overtaking the slower vehicle will increase 
the likeliness to achieve the goals to a certain extent, it should be decided to overtake the slower vehicle.Resulting 
from this decision, a plan on a rather abstract level is generated, in this case consisting of lane change to the left, 
passing the obstacle, lane change back to the right. This complies with the maneuver guidance level.On the more 
detailed level of trajectory guidance, the plan on how to perform the first upcoming maneuver is evaluated. 
Therefore, the dynamic components of the situation have to be taken into account, for example the speed of other 
vehicles and the curvature and topology of the road.The last step contains implementing the longitudinal and lateral 
changes in vehicle-movement via a given interface within the stabilization level.
The design of the concepts aims at systematically reassigning these parts of the primary driving task between 
driver and vehicle on the basis of the aforementioned four levels. For a more detailed description on the background 
on this modeling approach, see [22]. 
The resulting task assignment is listed below.The representation on the tablet screen is shown in Table1.
x Concept A – manual lane change: 
All the above-mentioned steps are carried out by the driver. In case of an upcoming obstacle, the driver decides 
on the necessity to pass, evaluates the needed steps and determines how to implement them. Finally, he takes 
over control by setting the indicator and turning the steering wheel, to perform the lane change manually.The 
boundaries of vehicle dynamics are still controlled by security systems like the electronic stability control (ESC).
x Concept B – trajectory control:
The driver carries out the tasks on navigation, maneuver planning and trajectory control level. He delegates the 
implementation of the maneuver to the automated system, while still controlling the point in time and the 
trajectory driven. To do so the driver taps the appropriate icon on the tablet in front of the MMI-Screento trigger 
a comfortable or a dynamic lane change. If it is not possible to perform the maneuver with the chosen settings at 
the given moment, the maneuver is discarded and the driver is informed.
x Concept C – maneuver planning:
The driver manages a stack of upcoming maneuvers on the tablet. Based on his perception of the traffic situation, 
he selects the maneuvers to add to the plan. If safety is verified, the system performs the next maneuver selecting 
an appropriate trajectory. Up to four maneuvers can be added, with the possibility to add a combined lane change 
left and right to process a takeover maneuver. While in queue, the maneuvers the can be rearranged or canceled.
x Concept D – automatic change:
Driver-vehicle-interaction is limited to the navigation level. The only task remaining for the driver is to define the 
(navigation related) goals and to communicate them tothe automated system. Concerning the evaluated system,
this is done via pre-set parameters which are automatically set when activating it.
The automated system handles all tasks on the subordinated levels.
Table 1.Representation of the interaction concepts on the tablet in the test-vehicle.







Setting of the indicatorand 
moving the steering wheel
Touch on maneuver-icon to
instantly trigger maneuvers
Touch to enqueue maneuvers, 
drag and drop to change plan
No input necessary to invoke 
maneuvers
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Fig.2. 3-lane test track with entrances of the lead vehicle, meeting points of lead and test vehicle and possible maneuver spaces.
2.4. Setting
The study is conducted on a proving ground, providing a 3-lane circular-course, consisting of two 550 m straights 
and two 25 m radius 180° bends, as shown in Figure 2. Furthermore, two entrances give the possibility to enter or 
exit the highway-like track.
The basic maneuver is an automated monotonous ride in the right lane. The speed is limited to (and if the system 
is engaged also automatically adapted to) 60 km/h on the straights and 25 km/h in the bends, preventing a too 
dynamic feeling in the car. A slower vehicle enters the circuit, timed to meet the test vehicle right after the next 
bend. The sequence of the chosen entry point is randomized. This “appearance of a slower car” raises the necessity 
of a lane change or passing maneuver, which could be invoked depending on the respective interaction concept. By 
the end of the straight, the test vehicle has to be back in the right lane to drive safely through the bend.
2.5. Procedure
At first, the test vehicle, the general functionality of the automation and the safety systems are introduced to the 
participants in a standardmanner.After, the participants complete a demographic questionnaire.
In the main part of the experiment, the participants discover the four concepts in four separated runs. Each run
consists of a standardized oral explanation of the interaction concept, two full rounds on the course to get familiar 
with the operations and another six rounds for data acquisition, with the slower vehicle appearing four times on the 
track. After completion of each test run, a questionnaire on acceptance measures iscompleted. The sequence of the 
runs is randomized throughout the participants.After the completion of all four runs, a summarizing questionnaire 
completes the data with an overall perspective on the conceptsdiscovered.
The randomization is established by one complete permutation of the sequential order of the four concepts (i.e.24 
runs). The remaining 12 runs consist of sequences with a direct follow up of the quite similar concepts B and C.
3. Results
Regarding acceptance, two different measures are reported: The technology acceptance rating introduced by van 
der Laan [23] and an overall ranking after the completion of the last run. 
The comparison of the mean rank in the final ranking was done using SPSS Statistics via a non-parametric 
Friedman testȤ²(3, N = 36) = 42.58, p < .001and posterior non-parametric sign tests, revealing significant differences 
between concepts A and C, A and D as well as B and D: U(D-A) = -4.833, p < .001, U(C-A) = -3.833, p < .001, 
U(D-B) = -3.500, p < .001.
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Fig. 3.Comparison of the Mean Rank in the final ranking (left) andacceptance rating according to van der Laan [23](right).
The acceptance rating of van der Laan consists of nine 5-point rating-scale items, which load on two scales, one 
denoting the usefulness of the system,one designating satisfaction [23]. The items are surveyed within a 
questionnaire taken from [18], consisting of 19 items on the attitude towards a given driver assistance system. The 
following analysis of variance with post-hoc analysis usingBonferronicorrectionisalso computed using SPSS 
Statistics. Regarding the usefulness, no significant differences were found (F(3, 105) = 0.494, p = Șð = .014), 
whereas the ANOVA revealed an effect on the satisfactionscale (F(3, 105) = 6.606, p <  Șð   The 
pairwise comparisons revealed significant differences between concepts A and C (MSatA - MSatC = -0.333, p < .05) 
and between A and D(MSatA - MSatD = 0.354, p < .01). Usefulness and satisfaction ratings are shown in Figure 3, the 
axis are modified for better visibility, the total scale ranges are from -2 to +2.
The perceived characteristics are an excerpt from the questionnaire described in [18]. Each characteristic consists 
of a set of items with statements on the system. The participant is asked to answer if this characterizes the system on 
a five point Likert scale (does absolutely not apply - does absolutely apply). A graphicrepresentation of the assessed 
characteristics can be found in Figure 4.
The analysis of variance showed a significantly differing perceiveddriving comfort(F(3, 105) = 26.152, p < .001).
Post-hoc analysis revealed significant differences between all concepts but B and C (MA-B = -.622, p < .01, MA-C = -
.811, p < .001, MA-D = -1.406, p < .001, MB-D = -.783, p < .001, MC-D = -.594, p < .01 ).
The item trust in the system is also found to bear significant differences (F(3, 105) = 7.963, p < .001), post-hoc 
tests indicating a difference between concepts A and C (MA-C = -.583, p < .01) as well as between A and D 
(MA-D = -.750, p < .01).
Controllability is also tested positive on significant differences: F(3, 105) = 52.228, p < .001.As shown in 
Figure 4, post-hoc analysis determined concept D being different from A, B and C(MA-D = 2.139, p < .001, 
MB-D = 2.500, p < .001, MC-D = 2.528, p < .001).
The analysis of variance fordriving pleasure revealed no significant differences between the concepts. 
Regarding usability, the construct taken from [18] showed significant differences (F(2.308) = 4.145, p < .05, 
Șð = .106).Degrees of freedom had to be adapted due to the negative result of the Mauchly-test on sphericity. Post-
hoc tests using Bonferronicorrection gave an insight that the significant differences can be found between A and D
(MA-D = -0.432, p < .05) as well as between B and D(MB-D = -0.272, p < .05).
A B C D
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Fig.4.Perceived Characteristics of the different concepts.
Hypothesis 1, according to which the acceptance ratings will be the best for the maneuver based concepts (B and 
C) has to be refused. Neither part of the acceptance rating according to [23], nor the ranking shows any significant 
evidence that would justify an adoption. Significant differences can be found between concepts A and C and 
between A and D. The ranking reveals also a difference between B and D, with concept D being more in favor than 
concept B. Differences between B and C, which are subject to the first exploratory question, could not be found.
Looking at the perceived characteristics of the system, it has to be distinguished between the single aspects. In 
the comfort scale, values rise from concept A to D, the only not significant difference here again is between B and 
C. Hence, the comfort rises with decreasing tasks and responsibilities assigned to the driver. Concept A seems to be 
less trustworthy than at least concepts C and D. The difference between A and B, even if apparent in Figure 4, is not 
significant. The perceived controllability of concept D is significantly lower, compared to all other concepts. The 
controllability ratings of concepts A to C can be considered as surprisingly high, with respect to the presented 
system driving automated. Driving pleasure of all concepts is at a mostly neutral level. The well-known concern 
suspecting automated driving to be detrimental to driving pleasure (e.g. in [24]), could not be proved by the data 
obtained. One reason could be the monotonous situation which does not provide driving pleasure in manual driving 
as well. Results on usability reveal a statistically significant lower usability of concepts A and B compared to D. 
4. Discussion
Evidence was found that the participants feel comfortable with delegating driving tasks to the automation. Not 
only the relief from steering activities, but even the reassignment ofthe decision to perform a maneuver gains high 
acceptance rates. The entity of these tasks complies with the definition of the “dynamics driving task” ofSAE [1].
When reviewing the results, specific drawbacks and limitations should be taken into account: 
The prototype status of the vehicle in interplay with legal requirements and safety considerations forced the 
experiment to be conducted on a test track as described in 2.4.. This setting is rather artificial and safe,compared to 
the reality on German highways. As mentioned in 2.1., the recruiting of participants is limited by these restrictions 
as well, resulting in a sample of professional drivers with test driving licenses. A bias, compared to ‘normal’ drivers 
in a ‘normal’ setting could be expected.
Furthermore, the technical realization of concept A required the participants to end the manual lane change 
within certain boundaries close to the center of the target lane. If these were dismissed, the system was not able to 
seamlessly resume lateral control, causing automation failures. Several drivers received takeover requests due to 
thiscircumstance. The – in many cases – significant lower ratings for concept A could possibly be explained by this 
limitation, whereas the rather complicated handling is not reflected in the controllability rating by any significance.
The findings can be interpreted as an indicator for the needs of drivers in a best case scenario. While the system 
does no longer require the user to intervene and the user’s trust in the capabilities of the machine is high, the 
Comfort Trust in System Controllability Driving Pleasure Usability
Concept A 2.83 3.17 3.81 2.83 3.46
Concept B 3.48 3.61 4.17 3.22 3.63
Concept C 3.67 3.75 4.19 3.36 3.67
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perceived benefits of the automation dominate the rating. This complies with the findings in [18], reporting that 
perceived comfort and trust are strong predictors for the acceptance of Driver Assistance Systems.Although the loss 
of control was perceived by the participants, it does not outweigh the benefits like the increased comfort or the 
possibility to pursue non-driving tasks, even in a real car that is moving in a real world. 
If, for any reason, an involvement of the driver remains necessary or the driver should be kept in control, 
cooperation on a maneuver based level provides a promising alternative with only slightly reduced acceptance 
ratings.
For further evaluation, experiments on the interaction with highly or conditionally automated vehiclesin real 
driving scenarios are highly recommended. The inclusion of possible non-driving tasks and an increased realism of 
the scenario seem to be promising scopes.
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